After the melamine milk scandal in 2008,
Introduction
China, one of the largest dairy consuming countries, has increased its consumption rapidly since the 1990s. China's entry into the WTO in 2001 had a huge impact on its own dairy trade. China's domestic dairy industry was developing rapidly; the domestic demand for dairy products had increased and even exceeded supply, with diverse levels of consumption. All this made China's domestic market competition extremely fierce. During this time, the price forming mechanism of China's dairy industry chain was imperfect, the benefit distribution of its dairy industry chain was distorted [1-6] and a series of dairy product safety scandals shook the confidence of Chinese consumers. Of all the dairy scandals, the 2008 melamine milk scandal had the biggest impact on the dairy industry. Many families suffered heavy losses and consumers lost trust in the Sanlu company, which in turn damaged the reputation of the Chinese dairy industry as a whole [7, 8] . China's dairy imports are still on the rise and now New Zealand has become the largest source of its dairy imports [9] .
The China melamine milk scandal in 2008 exposed the weak points of many important production links. In the link of between collecting the raw milk, transporting, and storing it, milk collection stations play an important part [10] [11] [12] . In China, individual milk collection stations are in a dominant position [13] . These numerous small stations are non-standardized and difficult to supervise. At the same time, regulatory departments are independent and have overlapping duties, making cooperation and coordination difficult. This results in conflicts between milk stations and regulators over functions and power and has also led to a lack of supervision in some links of the dairy chain [14, 15] . The Chinese government has issued a succession of laws and regulations to tighten milk quality control, notably, the Food Safety Law of the People's Republic of China, which came into effect in June 2009. This symbolized that the food safety supervision model in China had moved to a transitional and reformatory stage, where it changed from multi-agency coordination to centralization [16] .
However, although the Chinese government has begun to monitor strictly the quality of dairy products, domestic enterprises have increased the imports of dairy-related materials. The import of dairy products increased rapidly, and the dairy trade remained in deficit, so China is heavily reliant on the international market. Since China's entry into the WTO, more than half of its imports of dairy products have come from Australia and New Zealand. After the melamine milk scandal, China's dairy imports from Australia and New Zealand rose sharply, to over 70 percent of its total imports in 2010 [17] . China's dairy scandal has had a significant impact on China's overall trade and since China is one of the largest dairy importers in the world, the impact even affects the world dairy market. At a time when Chinese consumers were in a crisis of trust regarding the domestic dairy industry, China was also tightening its quality checks on dairy production and imports.
In 2013, New Zealand, China's largest source of milk powder, detected abnormal levels of nitrate in whey protein three times in the same month, at a time when 390 kg of products had been exported to China for the production of dairy consumables. China's General Administration of Quality Supervision, Inspection and Quarantine (AQSIQ) immediately suspended imports of lactoferrin from the Westland company of New Zealand and required nitrate testing reports whenever lactoferrin was imported from other New Zealand companies and whenever other dairy products were imported from Westland. In the same year, the New Zealand dairy giant Fonterra found some of its whey protein contaminated by Botox, prompting a number of well-known milk powder companies to recall products that contained this ingredient. Fonterra promptly apologized to Chinese consumers for the quality of its dairy products, and the Prime Minister of New Zealand condemned the incident, while its government has constantly sought to verify the quality of dairy products made by this company. These actions quickly restored the reputation of New Zealand's dairy products and re-established the trust of Chinese consumers.
China's growth of dairy exports has been stable since the 1990s but is dwarfed by imports (shown in Table 1 ). China's dairy imports have grown rapidly and risen sharply since 2008. For example, the demand for dairy imports in 2017 was eight times higher than in 2008. Hence, China's dairy deficit, $251.8 million in 2008, began to widen, reaching $4.4817 billion in 2017. Figure 1 shows that China's trade deficit suddenly increased after 2008, but the trend eased slightly in 2014. Due to the Fonterra milk scandal, China stopped importing whey protein products from New Zealand in August 2013, which also dampened China's overall imports of dairy products in 2013 and 2014. However, because New Zealand's reputation recovered so fast, there was a sharp increase in overall imports, even after a decline in 2015 in all China's dairy imports and a declining trend in New Zealand's market share in China. Table 2 shows that China's imports of all dairy products dramatically increased after 2008, especially solid dairy product sectors such as HS0402, HS0404 and HS0405. Imports in all sectors climbed beyond those in 2015. China's trade demand from all the sectors of dairy products shows that it had the highest demand for concentrated milk (sector 2), followed by whey (sector 4), and not concentrated milk (sector 1 after 2015). The demand for cheese and curd (sector 6) and butter (sector 5) also soared. According to the 2017 Dairy Industry Yearbook of China [18] , China's imports of dairy products in 2016 increased by 13.5% in the following year. Among them, imports of liquid milk (including liquid milk HS0401 and yoghurt HS0403) increased by 38.8%; imports of solid dairy products (at HS0402, HS0404, HS0405, HS0406) increased by 13.2%. In 2017, China imported 11.912 million tons of raw milk while its domestic fresh milk production fell and the self-sufficiency rate of its dairy production fell to 75.5%. There are many reasons for the increase in China's dairy imports, such as the fall in the prices charged by major international milk production countries, the higher cost of major agricultural products in China compared with their imported equivalents, and the rising costs of production. The melamine milk scandal in 2008 was related to the impact of imported milk powder and the fall in raw material prices. At the same time, when China's melamine milk scandal occurred in 2008, falling prices in response to the 2008-2009 financial crisis in major dairy production areas such as New Zealand and Australia had accelerated the flow of foreign milk powder to the international market where demand was greatest, China in particular. In addition, the high subsidies in developed countries have further enhanced the price advantage of their dairy products [19] .
The European Union announced export subsidies for dairy products in 2009 [20] , and the United States proposed export subsidies in the same year. Australia, New Zealand and other countries have also introduced policies in order to increase export competitiveness in the global market [21] . China's demand for dairy imports has remained consistently high in recent years. The establishment of dairy trade agreements with New Zealand and Australia means that more than half of China's dairy import tariffs from world sources have been further reduced, which has had a huge impact on China's dairy industry and import demand [22] .
The melamine milk scandal hugely increased China's demand for imported dairy products and has even had a direct impact on the relationship between supply and demand in the international dairy market which may have far-reaching implications for Australia and New Zealand, as major dairy exporting countries, in the international market. In recent years, much scholarly attention and research has been devoted to the dairy scandal in China [16, [23] [24] [25] , but there has been little comparative analysis between Australia and New Zealand to assess the relative global impact of dairy imports on the Chinese market. The present research will compare the performance of China's According to the 2017 Dairy Industry Yearbook of China [18] , China's imports of dairy products in 2016 increased by 13.5% in the following year. Among them, imports of liquid milk (including liquid milk HS0401 and yoghurt HS0403) increased by 38.8%; imports of solid dairy products (at HS0402, HS0404, HS0405, HS0406) increased by 13.2%. In 2017, China imported 11.912 million tons of raw milk while its domestic fresh milk production fell and the self-sufficiency rate of its dairy production fell to 75.5%. There are many reasons for the increase in China's dairy imports, such as the fall in the prices charged by major international milk production countries, the higher cost of major agricultural products in China compared with their imported equivalents, and the rising costs of production. The melamine milk scandal in 2008 was related to the impact of imported milk powder and the fall in raw material prices. At the same time, when China's melamine milk scandal occurred in 2008, falling prices in response to the 2008-2009 financial crisis in major dairy production areas such as New Zealand and Australia had accelerated the flow of foreign milk powder to the international market where demand was greatest, China in particular. In addition, the high subsidies in developed countries have further enhanced the price advantage of their dairy products [19] .
The melamine milk scandal hugely increased China's demand for imported dairy products and has even had a direct impact on the relationship between supply and demand in the international dairy market which may have far-reaching implications for Australia and New Zealand, as major dairy exporting countries, in the international market. In recent years, much scholarly attention and research has been devoted to the dairy scandal in China [16, [23] [24] [25] , but there has been little comparative analysis between Australia and New Zealand to assess the relative global impact of dairy imports on the Chinese market. The present research will compare the performance of China's global dairy imports before and after entry into the WTO in the period of 1992-2017, across all sectors in relation to Australia and New Zealand especially in the context of the food safety laws following the milk scandals. The underlying purpose is to investigate the international roles of New Zealand and Australia in the Chinese dairy import market. The remaining sections in this paper are as follows: Section 2 examines Australia and New Zealand's share in the Chinese dairy product market at different time periods; Section 3 compares the competitiveness of Australia and New Zealand in this market; Sections 4 and 5 contain the model specification and econometric modeling as well as a classification of the data used in the study; Section 6 analyzes the influence of Australia and New Zealand on China's dairy import market; and Section 7 draws some conclusions.
Comparison of the Dairy Shares of Australia and New Zealand in the Chinese Market
Australia and New Zealand have long been China's leading source of dairy products, and their market share in China has risen to more than 60 percent following the Chinese melamine milk scandal. So far, New Zealand is still China's largest source of dairy products with a considerable competitive advantage. At present, New Zealand is the largest supplier of formula milk imported to China. Livestock is the main source of income, and the New Zealand government tests and monitors dairy animals very strictly. New Zealand is famous for its clean air and green ecology; all its cows are free-range and enjoy natural fodder. Antibiotics are not used to treat dairy cows and nor are hormones are used to increase yields. The production of milk powder is based on the advanced wet process, which preserves its nutritional value and reduces the risk of secondary pollution [27] . The expansion of New Zealand's dairy market share in China increased strongly in the wake of the melamine scandal in 2008, the year when the China-New Zealand free trade agreement came into effect-China's first Free Trade agreement with a developed country [28] . Among the important terms of the agreement were arrangements for tax reduction and a special safeguard mechanism for dairy products. As the world's first country to export dairy products, New Zealand produces them on a large scale, and has great potential for increasing production and an obvious international competitive advantage [29, 30] .
New Zealand has actively expanded its dairy exports to China through the construction of a free trade zone, and the dairy trade has achieved zero tariffs. The duty-paid price of New Zealand milk powder is about 1000 US dollars per ton cheaper than that of EU milk powder, and the cost of exporting to China has been reduced by an average of 13.4 percent, which gives New Zealand dairy products an overwhelming advantage in the Chinese market, making China also the largest export market for New Zealand dairy products [22, 31] . It also deepens the influence of New Zealand dairy products on the balance of supply and demand in the Chinese dairy market [28] . Unfortunately, a series of whey protein scandals of New Zealand in 2013 has alerted China to the need to focus on other sources of milk. Australia thus became an ideal choice.
Like New Zealand, Australia is surrounded by the sea, with a beautiful natural environment, developed agriculture and a large supply of milk. The Australian government has strict regulatory conditions that make the milk source safe: dairy cattle develop without antibiotics, feeding on green plants and safe grasses free from pesticides. On 17 June 2015, China and Australia formally signed a "Free Trade Agreement between the Government of the People's Republic of China and the Government of Australia" [32] , indicating that Australia would also become one of the most important sources of dairy imports for China after New Zealand. The Agreement has played a positive role in diversifying China's dairy imports and avoiding excessive reliance on a single market. Australia is a world-famous dairy country: the average annual output of its dairy industry is about 13 billion Australian dollars. Although Australia accounts for only 2% of the world's milk production, its exports account for about 7% of the world's dairy trade, second only to New Zealand and the European Union, and the third largest exporter of dairy products in the world [32] .
China's signing the FTAs with New Zealand and Australia consolidated their bilateral trade and international cooperation, to the benefit of the domestic consumers of China [33] . New Zealand and Australia have become staple dairy suppliers to China, and thereby have taken an important position in the world dairy trade [28, 32] . International market share is the most direct and simple indicator of this, reflecting the international competitiveness or competitive status of a country's industry or product. The higher the market share, the stronger the international competitiveness; conversely, the lower the market share, the weaker the international competitiveness [34] . On the proportion of imports from China's dairy products market (shown in Table 3 ), after 2000, the ratio of Chinese imports from New Zealand and Australia has consistently exceeded 50, reaching 72.52 in 2010, though it fell after the New Zealand dairy scandal. But China's share of dairy imports from Australia and New Zealand as two major free trade zones in 2017 still stood at 66.80. Table 2 shows steady growth in all sectors of dairy imports from New Zealand, notably Sector 2 and Sector 4. Nevertheless, Table 4 reflects a steady increase in the share of New Zealand dairy products in the Chinese market. But after the whey scandal in 2013, the share of the two major export sectors in the Chinese market fell, and both fell back to 2000 levels in 2015. In particular, the share of Sector 4, whey protein, in the Chinese market fell to 0.44% in 2015, lower than 0.47% in 2000. The continued decline in China's market share in 2017 reflects, indirectly, the weakening competitiveness of New Zealand dairy products in the Chinese market following the whey protein scandal. Compared with New Zealand, the Chinese market share of Australian dairy raw materials in the early 1990s was mainly in Sectors 1 and 6, both higher than New Zealand, indicating that Australian competitiveness was stronger. But with China's accession to the WTO, China imported more dairy products from New Zealand. We also observed that the market share of Australian dairy products in China was basically stable, and also was affected by the New Zealand whey protein scandal, China's dairy imports from Australia in Sectors 2 and 4 also showed a downward trend, but the market share was not as volatile as New Zealand's share. 
Trade Competitiveness of Australia and New Zealand in the Chinese market
New Zealand has always advocated the production of 100% pure natural dairy products, and its trade competition index (TC) is the highest in the world, almost always at the level of 1, and only below it for very few years [28] . Table 5 shows that New Zealand has a higher overall competitiveness index in dairy products (HS04) than Australia, with a TC at 1 for all sectors since 2000, and close to 1 for only a few years. For example, the TC of concentrated milk and cream containing added sugar >1.5% (HS040229) is 0.996. After the New Zealand whey crisis in 2013, Chinese consumers boycotted the import of New Zealand dairy products. Nevertheless, due to New Zealand's positive response measures, the figure for its HS0404 division's competitiveness index in the Chinese market has always remained at 1, indicating that it remains highly competitive. Note: (1). Original data is from the UN ComTrade database 2018 [26] , and results are calculated by the authors. (2) . In the consensus of the competitiveness index, the statistical result is 1 or −1 due to the lack of import and export data, or the exports or imports alone.
Meanwhile, Australian dairy products as a whole and several of its sectors were highly competitive in the Chinese market, approaching 1. But compared with New Zealand, with the exception of a TC equal to 1 for butter and other fats and oils derived from milk and dairy spread (at HS0405), other sectors have individual year indices slightly lower than 1. Table 3 shows that New Zealand has the highest share of the Chinese market, and Table 5 further demonstrates that New Zealand dairy industries are the most competitive in the Chinese market. Even though New Zealand's whey products at sector HS0404 suffered a quality crisis in 2013 and its market share in China fell, the competitiveness index of this sector was still 1, higher than that of Australia, illustrating New Zealand's dominant position in dairy exports to China.
The revealed comparative advantage index (or RCA) [24, 34, 35] , can help us to measure the international competitiveness of a country's industry or products. For dairy products as a whole, New Zealand has a greater comparative advantage, a very high degree of specialization and a strong international competitiveness [28] . Table 6 shows that the overall RCA in China of dairy products from New Zealand is higher than those from Australia, especially after 2000, when New Zealand's RCA was greater than 1, indicating that New Zealand's dairy products have a strong comparative advantage. Compared with New Zealand, the comparative advantage of the dairy products (HS04) from Australia was altogether inferior. Across sectors, the RCA of Australian liquid dairy goods or non-concentrated milk and cream (HS0401) has improved significantly since 2010, especially for sectoral products with a fat content ≤6% (HS040110 and HS040120), but New Zealand's comparative advantage in the HS0401 sector seems to have been more competitive in 2010. The RCA index was greater than 1 and is significantly higher than Australia's, implying that New Zealand liquid dairy goods or non-concentrated milk and cream (HS0401) were more competitive in the Chinese market.
China has a huge demand for concentrated milk (HS0402) (shown in Tables 2 and 4 ). We observe that in sector HS0402 (concentrated milk and cream), the RCA in New Zealand was still higher than that in Australia, especially since 2000, when the RCA of New Zealand in China was more than 1, indicating that the comparative advantage of New Zealand was greater than 1, which makes its position as the most important dairy exporter in the world clear. As for the buttermilk, curdled milk and cream and yogurt (sector HS0403), although New Zealand's RCA was still higher than Australia's, we find that, except for an RCA greater than 1 for New Zealand in 2015, both Australia and New Zealand had an RCA of less than 1, meaning that, in the Chinese market, the comparative advantage of the two countries in this sector was not strong.
In Table 5 , we observe that New Zealand's trade competitiveness index in whey and products consisting of natural milk constituents, the HS0404 sector, has remained at 1 in the Chinese market, and Australia's TC was also basically 1. Before 2005, the Australian RCA index overall in the HS0404 sector was also greater than 1, but its RCA in whey (HS040410) was significantly lower than New Zealand's. Unfortunately, despite the fact that its RCA index was higher than that of Australia in 2000-2010 and more than 1 before 2013, when New Zealand had a safety problem with its whey protein (HS040410), it even reached 8.245 and 6.323 in 2005 and 2010 respectively, significantly higher than other sector indices, indicating that New Zealand's whey protein was highly competitive in the Chinese market, second only to its milk powder (Table 2) After the whey protein scandal in 2013, however, New Zealand's RCA in this sector fell significantly to 0.952 in 2015, leading to an overall decline in its RCA in the HS0404 sector. Nevertheless, New Zealand's RCA remains higher than Australia's. From this, we can see New Zealand's comparative advantage in China. Butter and cheese, in sectors HS0405 and HS0406 respectively are similar to buttermilk in sector HS0403, where the RCA of both New Zealand and Australia was less than 1, showing that the competitive advantages of both countries were not obvious in the Chinese market, though the RCA of New Zealand was slightly higher than that of Australia. In summary, through the analysis of their international market shares, competitiveness indices, and competitive advantage, New Zealand and Australia are very strongly competitive in the Chinese dairy industry. New Zealand's comparative advantage in the Chinese market was more evident, especially in the two major sectors of HS0401, HS0402. New Zealand whey protein was highly competitive in the Chinese market before 2013, having the greatest comparative advantage in the HS0404 sector of all, but unfortunately, with the appearance of the whey protein scandal, although the trade competitiveness index of New Zealand's whey remains at 1, the revealed comparative advantage or RCA of whey plummeted.
Model Specification
Both Australia and New Zealand have obvious comparative advantages in the Chinese dairy market, and the relative price of their dairy goods may have diverse effects on different sectors of dairy products at different times. As Bini-Smaghi (1991) [36] suggests, different sectors make different import demands and have different price elasticities. A bilateral sectoral study is frequently conducted using data separated into "differentiated" and "commodity" trading [37, 38] .
The "Theory of Demand for Products Distinguished by Place of Production" has been derived by Armington (1969) [39] . That analysis assumes that consumer utility for goods in an industry is separable from the consumption of other products and imported goods and that their domestic counterparts are incomplete substitutes. Both price and output elasticities can be estimated by the Armington model. Elasticities of substitution between imports and competing domestic products play a key role in open-economy computable general equilibrium (CGE) modeling [38] . Armington (1969) [39] and most CGE modelers have used the constant elasticity of substitution (CES) form for an industry group, where utility is derived from domestic and foreign goods:
where θ is the constant elasticity of substitution between the domestic and traded goods (Armington elasticity), M is the trade volume, which in the present study is the volume of imported goods, and D is the volume of domestic goods. γ and 1 − γ are the distribution parameters associated with M and D (indices for industry groups are omitted). Cost minimization subject to the above utility function implies the first-order condition that the marginal rate of substitution between M and D should equal the corresponding price ratio
This condition can be solved for the quantity ratio of imported and domestic products in Equation (2) as follows:
where P M and P D are the trade and domestic prices, respectively. Re-writing Equation (2) in logarithmic form, we have:
Elasticities are unlikely to be equal across sectors and a simplified form of the level relationship based on bilateral sector data is as follows:
where α 1 is the price elasticity of substitution. Equation (4) can be estimated within a panel framework, which helps in testing the equivalence of coefficients across sectors: α k,ij = α k,ij ∀i. Indeed, in a panel context, we can also combine trade from a number of countries and all sectors in our basic specification:
Similarly, China's imports from Australia or New Zealand (m is Australia or New Zealand) can be written as:
where M China i,mt is China's imports from Australia or New Zealand for sector i and
is the ratio of the prices of Australia and New Zealand to those of China in sector i. Taking Equations (4) and (5), the U.S. relative imports can be written as:
where
is the ratio of China's imports from country j to China's imports from Australia or New
Zealand in sector i, and
is the ratio of the import price of China to that of Australia or New Zealand in sector i. As expected, when the import price from Australia or New Zealand is lower than the others, the relative demand from Australia or New Zealand will increase, so γ 1,ij < 0. In order to have the effects of the dairy safety scandals reflected in China's dairy imports, three dummies were included in our specification, as follows: 
The Seemingly Unrelated Regression Model (SUR Model) and Data Classification
We estimate equations across all available sectors of dairy products, based on Equation (7). Ordinary Least Square (OLS) may become an appropriate technique if the residuals across equations are uncorrelated. However, if the residuals are correlated, the equations may be linked. In the equations, all of the variables, such as relative prices, have been used as regressors; thus, the residuals of these equations are subject to cross-correlation, since they are also associated with various import demands for dairy products across the same group of countries.
The seemingly unrelated regression (SUR) model developed by Zellner (1962) [40] is a technique for analyzing a system of multiple equations with cross-equation parameter restrictions and correlated error terms. SUR is an extension of the linear regression model, which allows correlated errors between equations. There are six equations across six sectors of not concentrated milk and cream (HS0401), concentrated milk and cream (HS0402) and cheese and curd (HS0406), respectively; two equations across the two dairy sectors of buttermilk (HS0403) and whey and product consisting of natural milk constituents (HS0404), respectively; and four equations across the four sectors of butter and dairy spread (HS0405). Each equation may satisfy the OLS assumptions, but the joint model exhibits serial correlation due to the correlation of the error terms, and OLS estimation will be inefficient. Using the SUR method to estimate the equations jointly improves efficiency [41] .
This paper investigates the role of Australia and New Zealand in China's relative imports of dairy related products. This analysis covers the bilateral imports of concentrated milk, not concentrated milk, buttermilk, whey and natural milk, butter, cheese and curd between China and the world. Trade data in annual frequencies are taken from the UN Comtrade Database, Harmonized System, which are also categorized into different sectors and listed in Table 7 , below as follows. Note: all information is from UN Comtrade database, 2018 [26] and compiled by authors.
The Influence of Australia and New Zealand on China's Dairy Import Market
The set of results for the impact of relative price on sectoral dairy relative imports is presented in Tables 8-13 using the SUR model, where we consider the impact on sectoral trade with the world in relation to Australia and New Zealand combined in a single panel.
The Effects of Relative Imports Prices
Dairy products of Australia and New Zealand have an obvious comparative advantage in the Chinese market, and the fluctuation of their dairy prices has a great impact on China's global imports.
When the Chinese dairy import price relative to Australia or New Zealand ln P China ijt P China imt increases, the global relative importation of Chinese dairy products will drop significantly. Dairy products are a daily necessity in consumer goods, but we have observed that China's relative price elasticity in relation to imports from Australia and New Zealand is generally greater than 1 in all sectors of dairy products, meaning that the impact of these two countries on China's relative imports of dairy products in the world was enormous. Compared with all sectors, New Zealand's impact on China's relative global dairy imports ln
was significantly higher than that of Australia, especially in such sectors as liquid milk and cream with a fat content of less than 6% (HS040110 and HS040120 in Table 8 ), concentrated milk and cream containing added sugar with a fat content exceeding 1.5% (HS040229 in Table 9 , milk and cream, containing added sugar or other sweetening matter (HS040299 in Table 9 ), yogurt (HS040310 in Table 10 ), whey (HS040410 in Table 11 ), butter and other fats and oils derived from milk (HS040500 in Table 12 ), cheese, blue-veined (HS040640 in Table 13 ). The impact of Australia on China's relative global imports was also reflected in different sectors, but the magnitude of its influence was slightly below that of New Zealand, which indirectly indicates the important influence and status of New Zealand in these sectors on the global relative importation of Chinese dairy products.
The Influence of China's Joining the WTO
Before China's entry into the WTO in 2001, China imported fewer dairy products because of the restriction of the national economy and the people's eating habits, as well as the imposition of high tariffs on dairy products. After 2001, thanks to the most-favored-nation treatment and the significant reduction in import tariffs on dairy products, the demand for domestic dairy products increased greatly, and the import volume and import quantity increased correspondingly.
We see that since China's entry into the WTO, New Zealand has had a major impact on China's relevant global imports, which were reflected in sectors including those for milk and cream, non-concentrated, with fat content more than 1% and 6% (HS040120 and HS040130 in Table 8 ), some concentrated milk and cream sectors (HS0402 in Table 9 ) such as concentrated milk and cream with a fat content (HS040210 and HS040221), Butter, curdled milk and cream, yogurt (HS0403), butter and other fats derived from milk (HS040510 in Table 12 ), fresh cheese not fermented and curd (HS040610 in Table 13 ) and cheese not grated, powdered or processed (HS040690 in Table 13 ), which are indirect indications of New Zealand's competitive advantage in China in these sectors. We also find that after China's entry into the WTO, there is a positive effect on China's global imports of whey (HS040410 in Table 11 ). New Zealand has experienced quality problems in this sector and, although it has recovered its reputation in time after taking corrective action, the Chinese market has increased its imports from the rest of the world in whey. In other words, the impact from New Zealand in this sector has been greatly reduced. After China's entry into the WTO, the relative impact of Australian dairy imports was not as obvious as those of New Zealand, and the impact of Australia on China's global relative imports was also reflected in dry dairy products such as milk and cream, concentrated, with a fat content of less than 1.5% (HS040210 in Table 9 ). The largest demand for dairy imports from Chinese consumers is for infant milk powder. After China's entry into the WTO, this sector experienced huge demand in the global market. Australia and New Zealand have more than a one-third share of the Chinese market in this sector, and they have a great impact on China's global relative imports here.
The Influence of the China Melamine Milk Scandal
Before 2008, China's dairy imports increased gradually as a result of its entry into the WTO and a drop in tariffs on dairy imports (shown in Figure 1) . But after 2008, China's dairy imports rose sharply, largely because of the 2008 melamine milk scandal. The 2008 melamine milk incident triggered kidney stones and threatened the lives of infants, but the Sanlu Group was evasive after the incident, which left Chinese consumers extremely dissatisfied and led to a crisis of confidence in the dairy industry. After the melamine incident, the Chinese government greatly increased its supervision of food products. However, domestic consumers still lack confidence in the quality of domestic dairy products and often prefer imported products, which has caused an overall increase in imports of dairy products to China after 2008. China's domestic supply of liquid milk and infant formula has also been inadequate, spurring its global demand for imports.
We observe that the melamine incident had a greater impact on China's global imports relative to Australia, especially regarding liquid dairy products such as liquid milk and cream with a fat content of more than 1% but less than 6% (HS040120) and with a fat content more than 6% (HS040130 in Table 8 ) in sector HS0401, as well as dry dairy products such as butter and other fats derived from milk (HS040590 in Table 12 ). New Zealand's share of dairy products in the Chinese market was generally higher than Australia's after the melamine milk scandal of 2008. After China and New Zealand agreed on an FTA, as tariffs fell, the import status of New Zealand dairy products in the Chinese market greatly increased and became firmly established. We observe that New Zealand had a clear impact on China's global imports of both main liquid and dry dairy products and this is reflected in the sectors with a high market share in China. Compared with New Zealand, Australia has a slightly smaller market share in China (shown in Table 4 ), but for sectors such as whey and natural milk at HS040410 and HS040490 in Table 11 , even though these were New Zealand's most comparatively advantageous sectors, China's global imports relative to Australia increased significantly and China's global imports relative to New Zealand were greater, meaning that China bought more whey and natural milk from there than from any other country.
The Effects of the Milk Quality Scandal of New Zealand
A crisis of trust in China's dairy industry, spreading even to the food industry as a whole was triggered by the melamine incidents in China, Chinese consumers had an unprecedented enthusiasm for imported dairy products from abroad, especially baby milk powder. However, New Zealand dairy products were found three times in the same month in 2013 to contain abnormal levels of whey protein nitrate; in addition, some of the whey protein was contaminated with Botox, all of which caused great panic among Chinese consumers. In a number of sectors, we have seen the impact of the New Zealand dairy scandal on China's global imports from that country, for example, in liquid milk and cream, non-concentrated, with a fat content exceeding 10% (HS040150 in Table 8 ) and in whey (HS040410 in Table 11 ). The increase in China's global imports from Australia was reflected in some dry dairy sectors such as milk and cream, concentrated or containing added sugar (HS040299 in Table 9 ), whey (HS040410 in Table 11 ), butter-related products (HS0405 including HS040510, HS040520, HS040590 in Table 12 ). It seems that the New Zealand milk scandal had little impact on China's global imports of dry dairy products including cheese (HS0406 in Table 13 ). This implies that on the one hand New Zealand's milk powder is still dominant in China, but on the other hand, the Chinese consumers preferred Australian dry dairy products. New Zealand's cheese does not have a high market share in China and the proportion of cheese in Chinese food and beverages is low, in any case, so the relative impact on China's global imports was not significant. [32] . Australian dairy production and exports are among the highest in the world, and the country is bound to become an important source of dairy products for China. But China imports dairy products from many sources, and the proportion of dairy products imported from Australia has not increased significantly either in the Chinese market or in the global market (Tables 3 and 4) . Compared with New Zealand, which also signed a free-trade agreement with China, Australia's dairy products are significantly underrepresented in the Chinese market. Since the signing of the FTA between China and Australia after 2015, the proportion of dairy products imported from Australia to the world in 2017 was 7.8 percent, down from 8.49 in 2015, indicating that though China's imports of dairy products from Australia might be expected to increase as tariffs fall, overall, there was still a downward trend. In other words, China imported a larger base of dairy products from the world (shown in Figure 1 ). Table 4 shows that China's imports at sector HS0402 from Australia increased slightly after 2015. In Table 9 , we found that milk and cream concentrated or containing added sugar (HS0402) imports from Australia, especially concentrated milk and cream containing added sugar, other than in solid forms (HS040299) have only a slight impact on China's relative imports. Although the proportion of Australian liquid dairy (HS0401) in the Chinese market is not as high as that in New Zealand, we found that the China-Australia FTA in the HS040150 sector also has a negative impact on China's global imports outside New Zealand (Table 8 ).
The Food Safety Law in China Dairy Imports
After the melamine milk scandal in 2008, the Chinese government, as noted above, issued a series of laws and regulations to supervise dairy product quality, signaling that the safe supervision model for food in China had changed from multiagency coordination to centralization [31] . After the enactment of China's Food Safety Law, China's food production and testing became more and more stringent, and dairy manufacturers and consumers' requirements for dairy products also increased. As a result, China's imports have become more and more diversified. We find that D FSL_China has a positive impact on China's global imports from Australia in the top three sectors (shown in Table 2 ), such as liquid milk and cream not containing sugar (HS0401 in Table 8 ), milk and cream concentrated or containing added sugar (HS0402 in Table 9 ) and whey and products consisting of natural milk constituents (HS0404 in Table 11 ). China imports a smaller proportion of dairy products from Australia than from New Zealand (see Table 4 ), Australia has played a catalytic role in China's related global imports in these three sectors, especially in sectors such as milk and cream, not concentrated and not containing sugar, with a fat contents of more than 1% and less than 6% (HS040120) and with a fat content exceeding 6% (HS040130), milk and cream concentrated or containing added sugar, with a fat content exceeding 1.5% (HS040221 in Table 9 ) and whey (HS040410 in Table 11 ). The enforcement of Chinese food laws and the global demand for whey (HS040410) have greatly increased since the New Zealand whey protein scandal. Australia has indirectly promoted the impact of China's whey on global imports. In contrast, New Zealand whey (HS040410) has had a stronger impact on China's global relative imports, with a higher impact coefficient than other sectors, at 38.654. Although D FSL_China has had a positive impact on China's relative global imports, we have also found that China's global imports of natural milk excluding whey (HS040490) have declined in relation to Australia, meaning that China puts more stringent controls on imports of such products.
In summary, we have found that, with China's entry into the WTO, the import ratio of dairy products has increased significantly. Australia and New Zealand's share of global imports in the Chinese market reached its highest, 72.52%, in 2010 (shown in Table 3 ), and their share in the HS0402 sector has consistently exceeded 30% of China's total imports. New Zealand is China's largest source of dairy products. In particular, it has the highest proportion in the HS0402, HS0401, HS0404 sectors. The cost of China's imports relative to New Zealand on its global imports has a greater effect on its relative imports. New Zealand has a greater impact on China's imports from the rest of the world.
The emergence of the Chinese dairy scandal and the signing of the FTAs with New Zealand and Australia have greatly enhanced the market position of these two countries in China, especially New Zealand dairy products in their dominant sectors. But the subsequent whey scandal in New Zealand has also led to a sharp drop in Chinese imports in this sector, directly affecting China's global relative import demand. In the wake of the melamine milk scandal in China, the inspection and supervision of dairy production and quality have become more stringent. While Australia and New Zealand remain important sources of solid and liquid dairy products for China, China's global demand for their dominant dairy sectors remains significantly higher. It is worth mentioning that, China still favors New Zealand products and the total amount of dairy products imported from New Zealand has been increasing year by year, but when there are continuous problems in the quality of products, it has a lasting impact on China's demand for imports from other milk-exporting countries. dairy scandal in China had a huge impact on Chinese dairy imports from Australia and New Zealand and even on global relative imports, and this continues to this day. The New Zealand dairy quality scandal also had a short-term impact on the global demand of the Chinese dairy market and had a stimulating effect on China's global demand specifically in the HS0404 sector.
New Zealand and Australia remain important sources of dairy imports for China; after all, they have more than 60% of the Chinese market. However, if New Zealand and Australia are to maintain their existing competitive position in the Chinese market, the quality and reputation of their products will be important determinants. With the improvement in China's domestic food safety legislation, the inspection of dairy production and imports is becoming more and more stringent. We find that, although New Zealand and Australia have obvious comparative advantages in the Chinese market, China's relative imports from the rest of the world are also rising in these sectors. China's imports of dairy products in the HS0404 sector from the rest of the world have risen significantly, especially in consequence of the New Zealand whey protein scandal. It is not easy for New Zealand and Australia to maintain a sustainable competitive position in China and the world dairy market. For China's dairy industry, there is great demand in the domestic market, the supervision of the dairy industry is being strengthened, thus gradually improving the international competitiveness of domestic enterprise products, and the level of imports from abroad will certainly rise. All these factors will make it more difficult for the world's leading milk producers to maintain their competitiveness in the Chinese market.
All dairy products in the six sectors classified by the UN common trade scheme were considered in this study as we analyzed comparatively the role of Australia and New Zealand in the Chinese market. However, due to the data availability, some results cannot be calculated. For instance, the levels of exports or imports from Australia and New Zealand to China are unavailable in some years for some sections, such as milk and cream, not concentrated and with a fat contents of more than 6% and less than 10% (HS040140) for both countries from 1992 to 2010 and butter and other fats and oils derived from milk (HS040500), butter and other fats and oils derived from milk (HS 040590) for both countries after 1996 etc. As a result, the effects of both Australia and New Zealand on these sections of China's cannot be calculated very accurately. In addition, direct methods are not always feasible to describe a policy, and this can make even the available information on food safety law (FSL) difficult to interpret. China has formulated a series of laws, regulations and standards to exert strict dairy product safety and quarantine measures on imported dairy products. In the present research, food safety law is used as a proxy for China's dairy safety supervision.
It would be valuable for further studies to investigate China's dairy imports in relation not only to Australia and New Zealand, but also from other main dairy exporters such as France, the Netherlands and the U.S. Furthermore, it would be worthwhile in further research to consider more dairy safety factors in relation to dairy products, using some alternative techniques to explain the data and produce robust results.
